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Gastrointestinal and hepatic manifestations of COVID-19 in children
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What do we know about the subject matter of this study? What does this study contribute to what is already known?
SARS-CoV-2 is a respiratory pathogen that may also affects the di- This study alerts us about the gastrointestinal and hepatic mani-
gestive system. About 10% of children develop diarrhea and vomi- festations that have been described in COVID-19 (+) patients,
ting. Asymptomatic patients, especially children, can transmit the allowing us to increase the rate of suspicion, make an early diagno-
disease. Elevation of transaminase is detected in 40-60% of patients sis, and recognize complications of the disease.

with severe disease, and 18-25% of those who are asymptomatic or
have mild disease.

Abstract Keywords:
. . . . . . . SARS-CoV-2;
SARS-CoV-2 is a high environmental stable virus. It is predominantly a respiratory pathogen that . .
. . . . X Diarrhea;
also affects the gastrointestinal tract. The ACE 2 receptor is the main receptor of SARS-CoV-2, with 1, . .
: N . ; ; 9 ] . . ypertransaminasemia;
evidence of its high presence in the intestine, colon and cholangiocytes, and, in smaller proportion, in Fecal-Oral
hepatocytes. SARS-CoV-2 has a gastrointestinal tropism that explains digestive symptoms and viral Transmission

spread in stools. The characteristics of this virus include the S (Spike) protein that binds very stably
to the ACE-2 receptor and, at the same time, SARS-CoV-2 produces dysbiosis and alterations in the
gut-lung axis. It produces a clear T-cell response and a cytokines storm in the intestine and liver that
would produce inflammatory bowel damage. Intestinal manifestations by order of frequency are loss
of appetite, diarrhea, nausea and vomiting, and abdominal pain, where the latter could be a severity
marker. In children, diarrhea is the most frequent symptom, usually mild and self-limiting. In the
liver, hypertransaminasemia occurs in severe patients ranging from 40 to 60%. SARS-CoV-2 can re-
main in stools longer than in respiratory secretions, which would influence the spread of disease. This
article highlights the importance of an early diagnosis of gastrointestinal and hepatic manifestations,
increase the index of suspicion, make a timely diagnosis, and recognize eventual complications of the
disease. The potential oral-fecal route of transmission may influence the disease spread. Recognizing
this finding is important to define isolation.
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Introduction

SARS-CoV-2 is the seventh coronavirus identified
capable of infecting humans'. In 2019, it emerged as
a new beta coronavirus?. It is a single-stranded RNA
virus whose intermediate transmitter has not been
identified yet!, is highly contagious, stable in the envi-
ronment, and is mainly transmitted between humans’.
Its genetic characteristics show that 89% of its nuclear
sequence is similar to Bat SARS-like-CoVZXC21 and
82% to SARS-CoV*™. It can affect people of all ages with
a high rate of infectivity, however, children may be less
susceptible!.

As of 14%™ July 2020, SARS-CoV-2 has infec-
ted 13,284,292 people globally, resulting in 577,843
deaths®. Out of them, there are 319,493 infected and
7,069 dead in Chile, and of these, 4.8% are children
under the age of 15°. There are series describing a pre-
valence of up to 24.8% in the pediatric population’,
where the most frequently affected are children with
heart disease, under 3 years of age’.

Of the adult population14% presents severe mani-
festations and 5% are critical (respiratory failure, sep-
tic shock, multiple organ failure), reaching a mortality
rate of 2.3%’. In another cohort of patients, 6% of chil-
dren developed severe disease compared with 18.5% of
adults®. In Chile, as of 12 July 2020, 244 pediatric pa-
tients have been discharged from intensive care units
(240 alive and 4 deceased), 62/244 required ventilatory
support, and 63/244 presented PIMS or hypercoagu-
lability. Thirty-nine patients aged under 20 years of
age died (14 confirmed and 25 suspected COVID-19
infection)®.

Although SARS-CoV-2 is mainly a respiratory
pathogen, it also affects the gastrointestinal tract.
About 10% of children with infection develop diarr-
hea and vomiting. There are reports of isolated diarr-
hea before cough and fever. Prolonged positive SARS-
CoV-2 in the stool increases the possibility of fecal-oral
transmission. Asymptomatic individuals, especially
children, may behave as transmitters of the disease due
to the lower suspicion rate and therefore lower chance
of detection’.

On the other hand, patients with severe SARS-
CoV-2 disease present a increase up to 40-60% of
transaminases levels compared with those that are as-
ymptomatic or those with mild disease, where it rises
in 18%-25% of cases. In addition, some cases of acute
liver failure have been reported® .

The objective of this publication is to alert about
the gastrointestinal and hepatic manifestations that
have been reported in COVID-19 (+) patients in or-
der to increase the suspicion rate, make timely diag-
nosis, and recognize possible complications of the
disease.

ebitoriaL_qiku

COVID-19 and Gut - M. Villanueva Ch. et al.

Pathophysiology of gastrointestinal and hepatic
involvement

SARS-CoV-2 is primarily a respiratory pathogen
that may cause severe acute respiratory syndrome, but
it is also a virus that can affect the gastrointestinal tract
(GI tract).

The fact that a non-enveloped virus can survive ex-
posure to low gastric pH and the detergent effect of
bile salts, could be due to characteristics shared with
other coronaviruses such as extensively glycosylation
of spike (S) protein, its intrinsic evolution at low pH
and in the presence of digestive enzymes, and also to
the formation of a compound with mucins complex.
These conditions could also explain its great stability
in the environment’.

Several explanations for intestinal involvement
caused by SARS-CoV-2 are possible. First, the angio-
tensin-converting enzyme receptor 2 (ACE2) has been
established as a probable cellular receptor for SARS-
CoV-2"2. This receptor is associated with an X-linked
gene producing sexual dimorphism in the liver and
gastrointestinal tract, causing differences in its expres-
sion between men and women due to the difference
of genetic the expression of ACE2. This characteristic
would contribute to more severe clinical manifestation
in males, smokers, and COPD patients who have grea-
ter expression of this enzyme*".

As in the respiratory mucosa (in alveolar type II
cells), ACE2 receptor and transmembrane protea-
se serine 2 (TMPRSS2) are co-expressed in the gas-
trointestinal tract, specifically in glandular cells of the
esophagus and the apical cell surface of the ileum and
colon**'°. They are also expressed in monocytes, ma-
crophages, and endothelial cells’. Both proteins are
key to the physiopathology of the disease. Their co-
expression in the same cell is essential to allow virus
entry’.

SARS-CoV-2 encodes 4 structural proteins, the S-
protein (spike protein), the E-protein (envelope), the
M-protein (membrane), and the N-protein (nucleo-
capsid). The SARS-CoV-2 S-protein has a high affinity
for ACE2 and is mainly responsible for viral entry™*!.
During viral maturation, the S-protein is glycosylated
and divided into two parts, S1 and S2. The S1 protein is
spherical and its main function is the recognition and
binding of the virus to the host cells. The S2-protein
can promote the fusion of the virus with the cell mem-
brane'. Given these characteristics, SARS-CoV-2 has a
high efficiency when binding to cells which could ex-
plain its high percentage of transmission'.

After virus entry, virus-specific RNA and proteins
are synthesized in the cell cytoplasm to produce new
virions, which are then released into the GI tract®.

Therefore, SARS-CoV-2 has gastrointestinal tro-
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pism which may that explain the digestive symptoms
and viral spread in stools’ SARS-CoV-2-associated dia-
rrhea may be related to proteins or toxins produced
during viral replication’, or possibly intestinal inflam-
mation mediated by T-lymphocyte may occur.

Gut microbiota has an important role, it has been
proposed that SARS-CoV-2 would cause dysbiosis
because, under physiological conditions, the ACE2
receptor in the intestine would serve for the expres-
sion of the amino acid transporter B’AT1. This ACE2-
BPAT1 receptor association allows entry of tryptophan
into the enterocyte. This tryptophan is regulated
through mTOR, which is a pathway for activation of
antimicrobial peptide secretion that significantly de-
fines the composition of the intestinal microbiota.
When this ACE2 receptor is occupied by SARS-CoV-2,
tryptophan cannot be metabolized efficiently, produ-
cing aberrant secretion of antimicrobial peptides and,
consequently, a dysbiosis that confers susceptibility to
small bowel inflammation's.

Intestinal and respiratory microbiota develop si-
multaneously after birth where, in healthy individuals,
these colonies are predominantly phylum, bacteroide-
tes, and firmicutes. The intestinal microbiota influen-
ces the pulmonary one and also the immune response.
In acute respiratory infection, a dysbiotic state occurs
that increases the prevalence of bacteria and bacterial
metabolites, such as short-chain fatty acids (SCFA)'"8,
This effect is called ‘gut-lung axis’ which would explain
why patients with SARS-CoV-2 pneumonia often pre-
sent digestive symptoms'’.

In the pathophysiology of liver involvement, bile
duct cells are known to play an important role in liver
regeneration and in the immune response, like hepa-
tocytes, they also express ACE2'. The ACE2 receptor
expression in cholangiocytes is twenty times higher in
hepatocytes (reaching 2.6%), very similar to that of al-
veolar type II cells. In contrast, Kupffer and endothelial
cells of the liver do not express ACE2.

SARS-CoV-2 binds to ACE2 in the cholangiocytes
which could produce direct damage to the bile duct.
Hepatocytes would not be a target to the virus, at least
not through ACE2%%. SARS-CoV-2 would cause injury
by increasing expression of ACE2, causing a compen-
satory proliferation of hepatocytes derived from bile
duct epithelial cells®.

Therefore, these hepatic alterations are not ne-
cessarily due to direct injury to the hepatocyte. They
could also be caused by drugs (antibiotics, corticoste-
roids, and antivirals) or by the systemic inflammatory
response induced by pneumonia'"%.

In both the GI tract and the liver, the virus triggers
a T-cell response that leads to its activation, differen-
tiation, and production of cytokines associated with
its strains’, producing a cytokine storm manifested by

BRANCH RECOMMENDATION

an increased TH17 response and elevated cytotoxicity
CD8+ T-cells.

Ischemic hypoxia secondary to respiratory failure
would play a role in those patients with severe hepato-
cellular damage'®?'. Postmortem biopsies of a SARS-
CoV-2 patients show moderate microvesicular steato-
sis and mild portal and lobular activity, suggesting that
it could have been caused by SARS-CoV-2 infection or
by drugs (drug-induced liver injury)*-*. Another me-
chanism could be the reactivation of known or unk-
nown pre-existing liver diseases. There are drugs that,
for example, can reactivate the activity of the Hepatitis
B virus. It is not entirely known whether SARS-CoV-2
can exacerbate previous cholestasic disease?'.

Fecal-oral transmission

Since SARS-CoV-2 has been detected in the GI
tract, saliva, and urine?*, human-to-human transmis-
sion may occur by different modes: exposure to via res-
piratory secretions, aerosols, contaminated surfaces,
and also through feces®.

SARS-CoV-2 has been detected in the stool of up
to 50% of patients. In many cases, this detection did
not concur with the presense of digestive symptoms'.

Xing® reported three pediatric patients with SARS-
CoV-2 (only one of them had digestive symptoms),
PCR was performed on both pharyngeal swabs and
stools, observing viral clearance of 2 weeks in the respi-
ratory tract and more than 4 weeks in the stool.

Another study from Hong Kong describing a co-
hort of 59 adult patients along with a systematic review
and meta-analysis, SARS-CoV-2 was detected in 15.3%
of stools, including patients without GI symptoms. In
the systematic review, up to 48% of patients had stools
with SARS-CoV-2 RNA during the disease’.

The RNA persistence in stool was longer than in
respiratory samples, appearing as early as 2-5 days
from the onset of the disease and remaining positive
for more than 3 weeks after onset. In these studies,
between 70.3% and 82% of patients had SARS-CoV-2
RNA in stool with a negative respiratory sample!”*.
The significance of this finding is not knowing if they
are particles of a live virus or just fragments of RNA"?.
Patients treated with corticosteroids present longer
stool positivity?’, and patients with diarrhea at the on-
set of the disease, had higher stool viral loads than tho-
se without it".

Base this description, some hospitals included
nucleic acid testing of stool samples as a standard for
suspending quarantine. This observation is relevant
considering the possibility of viral dissemination in
pre- and school age children®.

Therefore, fecal-oral transmission should be con-
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sidered independently of the presence of GI symp-
toms”*'®!, Efforts are needed to prevent viral dissemi-
nation by this route when attendance to daycare, pre-
school, and schools resume, especially in developing
countries®.

Gastrointestinal manifestations

The classic symptoms of SARS-CoV-2 are fever,
cough, fatigue, myalgia, and dyspnea. Less than 10%
of infected children develop GI symptoms. Fever is the
most common symptom (92.8%) followed by cough
(69.8%), dyspnea (34.5%), myalgia (27.7%), and hea-
dache (7.2%)%*. Symptoms are not present in 10% of
children, 44-50% have a fever, and 82% have history
of close contact?.

SARS-CoV-2 infection can cause gastritis and acu-
te enteritis, characterized by vomiting, nausea, abdo-
minal pain, and diarrhea', they present with variable
frequency and time of onset. Loss of appetite may be
caused by an inflammatory state, hypoxia, depression,
or adverse reactions to therapeutic drugs”. Regarding
the presentation of GI symptoms, there are no coexis-
ting, conditioning, or previous states'”.

In adults, digestive symptoms have been reported
in patients with SARS-CoV-2 in several series. The first
positive SARS-CoV-2 case in the USA had history of
nausea and vomiting on day 4 of disease onset and self-
limiting diarrhea on day 6%.

Pan" describes that 50% of patients present one
or more digestive symptoms with 3% presenting only
digestive symptoms. Jin reports gastrointestinal symp-
toms in 74 of 651 patients (11.4%)'*; Nobel in New
York reports up to 35% (97/278)* and Zili Zhou des-
cribed up to 26%*".

Luo conducted a study in Wuhan on 1,141 patients
during a period of 7 weeks where 16% (183) presented
only gastrointestinal symptoms. The most common
symptoms included loss of appetite (98%), nausea
(73%), and vomiting (65%), i.e. there were digestive
symptoms in almost 2/3 of patients. Diarrhea occurred
in 37% and abdominal pain in 25%%.

In adults, these symptoms present variable fre-
quencies in different group descriptions as loss of ap-
petite (78.6%), vomiting (65%-4.9%), diarrhea (37%-
34%- 24%, 8.1%, 6.1%, 3%-8%), and abdominal pain
(25%-1.9%)10:1214192832 Ty in a cohort of 171 children
reported diarrhea in 8.8% and vomiting in 6.4% of pa-
tients®.

In the systematic review conducted by Cheung
where 60 studies and 4,243 patients from all over the
world were analyzed, 18 studies reported prevalence
of loss of appetite, 32 of nausea and vomiting, 58 of
diarrhea, and 12 of abdominal pain. The cumulative
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prevalence of loss of appetite was 26.8%, nausea and
vomiting 10.2%, diarrhea 12.5%, and abdominal pain/
discomfort 9.2%".

Gastrointestinal symptoms vary widely during the
course of the disease. There were differences in symp-
tom frequency between adults and children. Loss of
appetite was the most common digestive symptom in
adults (39.9%-50.2%), while diarrhea was the most
common among children and adults (2%-49.5%). Vo-
miting was more common in children 3.6%-15.9% vs
6.5%-66.7% in adults. Gastrointestinal bleeding was
present in 4%-13.7%. This study highlights abdominal
pain as the most common symptom among critically
ill patients (2.2%-6.0%)%.

In Chile, according to the epidemiology de-
partment of the Ministry of Health, with data as of July
14, 2020, of 200,000 cases, 16.3% presented diarrhea
and 9.5% abdominal pain.

Diarrhea is the most common digestive symptom.
In up 34,3% of cases, it is liquid and presents as the ini-
tial symptom. It occurs most frequently 1 to 8 days af-
ter the onset of the disease with a median of 3.3 days'**
and is described as having low-volume, not been clini-
cal severe, usually up to three stools per day'>?. It has
an average duration of 4 days (3-6 days), and generally
is self-limiting". The management strategy is the usual
one, emphasizing hydration®.

When analyzing cases in adults with and without
gastrointestinal symptoms, no significant statistical di-
fferences were found regarding demographic charac-
teristics (age, sex, race, ethnicity, BMI, regional loca-
tion) or in clinical evolution, however, of those who
presented with gastrointestinal symptoms, only 11%
of the total presented digestive symptoms at admission
while the rest developed symptoms during hospitaliza-
tion'>* Gastrointestinal symptoms seemed to be more
frequent in families with SARS-CoV-2'.

Since April 2020 cases of children with history of
exposure to SARS-CoV-2 and multisystem inflamma-
tory syndrome, characterized by a clinical signs of toxic
shock or atypical Kawasaki syndrome have been repor-
ted in the United Kingdomi. Abdominal pain and gas-
trointestinal symptoms (vomiting, diarrhea) have also
been described as common features of this new clinical
syndrome™.

Endoscopy and Proctoscopy

It is not very common to perform endoscopic pro-
cedures in these patients, endoscopy is generally rela-
tively normal®. Lin reported a case of upper gastroin-
testinal bleeding where upper endoscopy showed mul-
tiple erosions and ulcers covered by white fibrin and
clots in the lower third of the esophagus, SARS-CoV-2
was detected in this area, and biopsies showed presence
of the virus in the stomach, duodenum, and rectum?®.
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Routine endoscopic procedures should be avoided
as they generate aerosols, especially in children where
airway management is required, and endoscopy is ge-
nerally performed on intubated patients’.

Histology shows occasional lymphocytic infiltra-
tion in the esophageal squamous epithelium, abundant
plasma infiltration, and lymphocytes with interstitial
edema in the stomach, duodenum, and lamina propria
of the rectum?.

Electron microscopy, showed viral particles (60-90
nm) in the ileum and colon, located on the apical cells
surface and rarely in glandular cells. They are located
especially on the villous surface. At the cellular level,
the virus is located in vesicles within the endoplasmic
reticulum. There possibly is viral liberation from the
apical membrane of enterocytes, but there is minimal
disruption of intestinal cells by the virus despite the
tropism. There is no evidence of villous atrophy despi-
te viral adhesion and colonization®.

Liver manifestations

A varying degree of alterations in liver function
has been described'®?. Transaminases levels are com-
monly elevated, occurring up to 40%-60% of patients
with severe disease compared with those who are as-
ymptomatic or with mild disease, where it rises in
18%-25% of cases'®!*. Increased transaminases are
more frequently present in males?'.

This elevation often appears along with eleva-
ted creatine kinase (CK) and lactate dehydrogenase
(LDH)’. The concomitant increase of CK and LDH su-
ggests that viral myositis affected the elevation of glu-
tamate oxaloacetate transaminase (GOT).

The number of patients with increased glutamate
pyruvate transaminase (GPT) and GOT is significantly
higher in patients with digestive symptoms suggesting
that different degrees of liver damage occur in these
patients'”!.

Bilirubin levels are doubled in severe infection in
up to 10%-53% of patients'®?! this is probably related
to self-reacting T-cells caused by virus and the cytokine
storm’.

The cholestatic pattern is rarely seen and many
reports suggest that alkaline phosphatase is normal'’.
Albumin is low in severe cases and is a marker of poor
prognosis®!. In patients who have died due to SARS-
CoV-2, the incidence of liver injury is as high as 58%-
78%*"!, however, severe liver dysfunction is rare.

Liver damage should be carefully monitored since
increases of GPT and coexisting conditions have been
observed in COVID-19 patients with gastrointestinal
symptoms'*. All children with SARS-CoV-2 and per-
sistently elevated transaminases should be examined
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for other causes of liver disease, and if asymptomatic or
have mild symptoms, they should not be hospitalized’.
It is recommended that patients with newly diagnosed
jaundice, GOT/GPT > 500 IU/L, or recently initiated
hepatic decompensation should be hospitalized. Mo-
derately increased transaminases in SARS-CoV-2 di-
sease are not a contraindication for antiviral therapy,
but require regular monitoring of liver function'’.

Is there an association between digestive symp-
toms and clinical severity?

In a systematic review, 17.6% of patients presented
gastrointestinal symptoms, of those 11.8% had non-
severe COVID-19, and 17.1% had severe COVID-19.
Subgroup analysis shows that the presence of gastroin-
testinal symptoms was associated with a more severe
disease course’, especially the presence of abdominal
pain.

Can we speak about risk factors for predicting
severe/critical COVID-19 patients with digesti-
ve symptoms?

Some descriptions are inconclusive and that differ
greatly from each other. Pan’s group in China noted
that the severity of the disease was greater when there
were more pronounced digestive symptoms. One pos-
sibility is that digestive symptoms indicate increased
viral load and replication within the gastrointestinal
tract, and the other one is that there may have been
delay in seeking medical evaluation, since there were
no respiratory symptoms'’.

The presence of gastrointestinal symptoms was as-
sociated with an increased risk of up to 70% of testing
positive for SARS-CoV-2 and having a longer dura-
tion of the disease (up to one week longer compared
to patients without digestive symptoms)*’. There was a
longer hospital stay and greater liver involvement, in-
cluding longer clotting time and higher liver enzyme
elevation, compared with patients without digestive
symptoms.

As the severity of disease increases, digestive symp-
toms worsen, however, there were no significant diffe-
rences in mortality'*".

Final comment

According to the literature we reviewed, digestive
and hepatic symptoms are clearly present in patients
infected with SARS-CoV-2. The virus coexists in the

gastrointestinal and respiratory tracts but persists lon-
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ger in the digestive tract. There is no absolute certainty
about the prognostic significance of these findings.
However, the significance of gastrointestinal symp-
toms should not be underestimated. It is important
and urgent to be able to recognize the clinical spectrum

have.

of this disease. Specifically, the recognition of digestive
symptoms and potential fecal-oral transmission that

may influence the spread of the disease. Early recogni-

tion will allow early identification, triage, and proper

isolation. Disinfection and proper stool management
are crucial in endemic regions.
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